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1. Introduction

This document is intended to provide the user of IRAS-CPC observations
with the technical information that might be needed in the interpretatior. of
CPC maps.

1.1. Functional description of CPC and IRAS

The main goal of the IRAS mission was to make a complete survey of the
infrared sky. The "survey instrument" was used for this. (see the Explanatory
Supplement to the IRAS Catalogs and Atlases, 1985 (abbreviated as IRASES)).

In addition it was possible to perform pointed observations both with the sur-
vey instrument and with CPC.

CPC literally means Chopped Photometric Channel. The Instrument measures
simultanecusly in two wavelength bands, one centred at 50 um, the other at 100
um. These bands are shown in Fig 4.1. It has a circular field of view with a
diameter of 1.2 arcmin, matched to the diffraction limit of the telescope at
100 wm. The CPC, contrary to the survey instrument, was chopping against a
reference blade at a few Kelvins.

The CPC mainly distinguishes itself from the survey instrument by {ts
high spatial resclution. The CPC beam is theoretically predicted in chapter
7.4 and observationally derived in chapter 5,3. The observed beam appears to
be significantly larger than expected. This can possibly be ascribed to the
responsivity variation phenomenon describded helow.

Generally maps covered a region of 12 x 9 arcmin. These maps were made by
executing "raster scans" (see section 2.1) using the satellite attitude con-
trol aystem. Reconstruction of the map (see section 6.5) gives an accuracy of
8 few arcsec for relative positions within one map, and an absolute accuracy
of about 30 arcaec,

1.2, Instrument performance

A brief overview of the major jtems is presented, A more extensive dis-
cussion is given in chapter 5. Two major instrumental problems were enccun-
tered: responsivity variations and glitches. A common orfgin for these prob-
lems {s most likely the too low temperature of the focal plane. In order to
understand how these problems affect the astronomical interpretation of the
CPC maps a few maps are extensively discussed in Annex 2,

In the course of an observation {4 to 7 minutes) the CPC sensitivity
changes when significant infrared flux was "seen" by the detector: we inter-
pret this as a responsivity variation of the detector/FET combination. There
are at least two time scales involved: an overall gradual increase of the
response if sufficiently strong background radiation is present, and a faster
response change due to point sources.



An extra complicating factor to the detector responsivity varjations is a
DC leak in one of the two extra beams present for beam switching (never uses
inorbdit). Regions exhiditing a complicated structure in the infrared car ap~
pear quite wveird bdecause of the direct gain changes combined with the DZ-
leak-caused gain changes,

Two kinds of "glitches" severely affect the raw data: induced by higr en-
ergy particles, and caused by the infrared photons themselves. Their signa-
ture is usually much narrower than expected from a point source.

The reproducidility of observations is generally good.

1.:. Product

One of the main requirements on the data processing was that by end '8¢ a
reduced product was availadle, This inevitadbly led to compromises in the op-
timal choice of reduction algorithms and procedures (in spite of the procdus-
tion delay of several months). We are confident about the deglitching, reg-ic-
ding, attitude reconstruction, and calibdration, but the correction for the
responsivity variations is unsatisfactory at present. Maps that clearly suffer
from this effect, after our (too) simple galn-correction procedure, are omit-
ted from the set of maps offered to the IRAS community. We advise people in-
terested in specific suppressed maps (a complete 1ist of observations {s added
as Annex U4) to contact the Laboratory for Space Research. Special processing
tools are avajilable to analyze such maps,

1,4, Document structure

The document is split in two parts. The firat three chapters are essen-
tial reading for any CPC user: the major instrumental problems are briefly
described, the observaticnal method {s outlined, and the data products are
presented.

The subsequent chapters 4 to 8, and the Annexes give background informa-
tion for the intereated reader:
the instrument and its performance in chapters 4 and 5,
the data reduction and the analyses leading to reduction methods and al-
gorithms in chapters 6 and 7,
the flux calibration and linearity in chapter 8,
several spscial topics in the Annexes.



2. Observations

This chapter describes the observation BOdes used, and addresses the con-
trol accuracy. Characteristics of the CPC instrument are summarjzed in
chapter 1, and slaborately described in chapters 4 and S.

2.1. Observation modes

The IRAS satellite performed observations by scanning at constant solar
aspect angle. Special observations smployed a "raster scan". A raster scar
consisted of a number of small scans ("legs"). Size and shape of the area of
8ky covered by the legs (a "map") could be chosen almost at will, Many op-
tions were not sensible for CPC. All CPC raster scans (summarized in Table
2.1) covered a "rectangular" 8Ky area and reversed the scan direction between
legs.

Table 2.1. CPC science raster scans
Name area sampl es separation occurrence

in x cr in x er in er

(arcmin) : {arcsec)
CPPOOA 3=1 18«10 2.3 6.0 3
CPPFOA 3 x 38 x 10 4.7 6.0 55
CPCO3A 3x3 78 = 10 2.3 18,0 15
CPCF3A 3Ix3 38 = 10 LT 18,0 17
CPCO%A 9«9 38 =18 14,2 3.0 859
CPCF9A 99 18 » 18 30.0 30.0 1020

in: in scan; cr: cross scan,

There are two samples in every second for all types of raster scan,

10 extra samples are taken between raster legs during the turnaround,
Inclusion of these samples leads to an in-scan extension of the maps of a
few arc minutes,

The astronomer/planner had to code his intended raster acan {n the QObser-
vation Input Language (OIL). Via a number of computer programs running on a
oomputer at the Ground Operations Centre in Chilton, England the raster scan
description {n OIL was translated into the data words uplinked to the onboard
computer program, as part of the Satellite Operations Plan (SOP). (Suech a SOP
was executed in about twelve hours, between successive passes of the IRAS sa-
tellite in its sunsynchronous orbdit.)



There were several reasons to define - for science observations - only a
limited number of standard raster scans. Allowing astronomers/planners to
choose from a very large number of raster scans for thousands of special ob-
servations would have made the task of installiing the observations in the
ground aystem almost ummanageadle. It proved to be very worthwhile to have
Bany observations executed in exactly the same way: the calibration can depend
on the specific raster scan uysed.

In detail, the CPC observations were done as follows. A position cali-
bration star was observed with the visual sensors in the focal plane, then the
satellite slewed to the desired region and performed the raster scan, Ssubse-
quently the detector looked for a minute at the internal (flux) calibration
source, finally the satellite slewed again towards a position calibration star
and observed it. The position calibrations can occasionally give an erroneous
result (wrong star, wrong catalog position of star) or one or both are absent

because of planning constraints. Such problems can result in bad reconstructed
positions,

2.2. Control accuracy

Astronomers indicated to the planning system the central coordinates {(in
Ra, Dec) of the region they wanted to study; we refer to "target" position. Of
interest to the CPC user {s how the coordinates assigned to the processed CPC
Bap are related to this target position,

We defined a fixed grid of pixels on the sky. Attitude reconstruction and
regridding (see section 6.5) resulted in surface brightness values being as-
signed to pixels covered by the raster scan. Within a map the positions are
accurate to about 20™ with respect to each other.

The accuracy of the location of a map on the sky was derived as follows.
We compared for 50 clearcut point sources the position of the scource in the
CPC map with the target position (assuming that the -usually - optical posi-
tion coincides with the far-infrared position). This gave a standard devia-
tion of 25" both in-scan and cross-scan. HKowever, the distribution of the po-
sition difference values does not resemble a gaussian; it has a more pro-
nounced tail. There are 7 of the 50 observations that have a difference of
60" or slightly more between the target position and the CPC position,



3. End products.

About 2100 scientific observations were done during the IRAS mission.
After the reduction about 1500 observations were considered acceptable for
publication. All observations done with raster scan types Other than CPCOSA
and CPCFIA were left out. Other observations were recognized as problematijc
during the reduction (usually because of peculiar responsivity variations),
and rejected for that reason. Detailed information about the reduction is
glven in chapter 6. :

One reduced observation {s presented as & maps of the sky. Two of the
Baps are the result of the full data reduction scheme, for the S0 and 100 um
channels (the 'clean image'). The other two give the corresponding 'raw im-
age' of the same observational data, but here the deglitching and responsivity
variation correction steps of the reduction are skipped. Because of the many
assumptions {nvolved in these two reduction steps (see chapter 7), we advise
the user of the CPC products to compare the two i{mages {n order to get an {dea
of the nature of these corrections. This may help to i{dentify some of the
reduction problems outlined in chapter 7. The discussion in Annex 2 of same

sample maps clearly shows the need for the combined use of both 'raw' and
'clean' fmages.

The images are distributed on magnetic tape in the format known as FITS
(Flexible Image Transport System, Wells 1981). The total data volume consists
of three tapes, containing 489, 624, and 395 observations {the sky has been
divided in three equal right ascension parts). The four maps of each cbserva-
tion are organized as two consecutive files on tape. The S0 and 100 um 'clean
image' maps are combined into the first fils as two planes of typically 40x4Q
pixels on a common 20 arcsec grid. The 'raw image' maps follow in the second
file in exactly the same structure as the clean maps, An example of the FITS
header is given in Annex 3,



L. The photometer

The photometer has a field of view matched to the diffraction image of
the IRAS telescope in the 100-um range. The image of the field stop in the
telescope focal plane is circular, with a diameter corresponding to 1.2 arc-
ain. The resulting beam profiles are discussed in section 7.% and observations
pertaining to the beam are described in section 5.3.

The optics and the detectors with their pre-amplifiers are in an assendly
cooled to 2.4 K.

An absolute chopper, operating at about 15 Hz, is located just in front
of the field stop. Thus the infrared signal modulation is proportional to the
difference in emission from the sky and from the cold chopper blades. The
chopper is of the tuning-fork type, with a shutter blade fixed to each of its
tines,
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An optical system consisting of a beam splitter, filters and field optics
images the telescope pupil onto the two detectors. The combination of bea~
splitter, filters and detector cut-offs define the wavelength bands (41-62.5
and 84-114 microns). The resulting passbands are shown in Fig. 4.1. Short-
wavelength leaks, if present, are at most at the one percent level, as s evi-
dent from observations of Ceres and of stars.

Both detectors were made fram Gallium-doped Germanium; they were operated
at a bias voltage of 40 mv.

The pre-amplifiers are of the trans-impedance type. They are followed by
a spike-suppression circuit (operating in the millisecond domain) and by a



15-Hz bandpass filter. The 15-Hz signals then pass though a 2ero~clamping cir-
cuit, which essentially rectifies without integrating, are converted to a log-
arithmic scale and finally digitized and sampled at 64 Hz. The gigitizatiorn
steps correspond to increments of 3.5 §.

A third 64-Hz data channel records a reference signal fram the chopper
drive slectronics.

A wore detalled description of the instrument is given by Wildeman,
Beintema and Wesselius (1983).

The instrument provides options that were not used during the mission,
intended to solve potential dynamic-range problems., One of these, a differen-
tial chopping mode, 18 relevant because of a non-modulated optical path via an
additional aperture, compounding the problem of responsivity varfations. The
offending aperture is located at a distance of 2,25 arcminutes: on average, 1t
contributes 40 § of the background radiation.



3. _Instrument performance

In the first section there s an extensive discussion on responsivity
variation and the effect of glitches. These two detector problems were not
expected and seriously affect the quality of the CPC data. The sensitivity of
the CPC is described in section 5.2, while section 5.3 addresses the bear pro-
file.

Calidration of the CPC, sensitivity changes, and repeatabllity are trea:-
ed in chapter 8,

S5.1. Detector behaviour

5.1.1. Introduction

Both CPC detectors behaved anomalously during the flight: their sensi-
tivity was much teo low, they exhibited strong signal-dependent spluing and
thelir responsivity was atrongly influenced by the incoming flux., These efl-
fects must be related to the unexpectedly low instrument temperature (2.4 K
instead of 3.5 X): one single observation at the end of the mission, when the
Cryogen was exhausted and the instrument started to warm up, was of a much
higher qualfty, However, the effects are not understood physically and could
not be reproduced under laboratory conditiens.

5.1.2. Spiking

The apiking phenomenon {s the likely cause of the loss of sensitivity and
it is probadly connected with the responsivity variations. Most of the Spik=
ing was clearly correlated with the amount of incident infrared fiux. More-
Over, spikes tended to occur during the "open" phase of the chopper cycle:
even If phase-sensitive demodulation was applied, apiking would always in-
crease the over-all instrument response. In effect spiking represented an er-
ratic component in the detector responsivity; in an observation on a strong
point source, obviocus splkes, if left in the data, could contribute 10 § of
the observed flux.

The instrument electronics contained deglitching circuits, operating in
the kHz domain, intended to suppress spikes due to the incidence of ifonizing
particles., Befors the flight the deglitchers, tested with a rad{o-active
Source, proved to remove more than 80 § of the noise energy carried by the
spikes. Possidly the deglitchers were less eff{cient in rejecting flux-induced
"spontanecus" spikes, either because of their different signatures or because
of a tendency of this kind of spikes to arrive in close bunches.

Quite likely low-1level 8piking was the major source of noise in the CPC.
Splking at rates {n excess of 1 Hz would not be recognizable as such, due to
the narrow pass bands of the instrument electronics. Fig. 5.1 shows same spike
statistics which support this hypothesis,

There probadly is a physical connection between spiking and responsivity

- 10 -
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Fig. 5.1. Cumulative number of spikes versus spike strength

;hese splkes were found by the deglitching algorithm in data on empLy

lelds., Note the excess of strong spikes, and the absence of a cut-of
at low values,
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Fig. 5.2. The CPC response during a stare at NGC 6543,

In the first 10 seconds the source was outside the beam. The data have
been demodulated but not deglitched. Two effects are evident:

= the response keeps rising until an equilibrium is reached after 200
seconds

- many splkes appear to coincide with instantaneous responsivity in-
Creases,
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changes. On a rising signal spikes often Appear to co-incide with fnstantane-
Ous responsivity increases; fig. 5.2 provides an example of this phenomenon,

5.1.3. Responsivity variations

On sufficiently bright Sources, strong variations of the photometer
responsivity are observed on time scales ranging from a few seconds to several
Ainutes (the maximum duration of an observation {s about 7 Binutes). These are
astrongly non-linear effects, as both the magnitude and the time scale of the
variations depend on the previous ang present input signal intensity, In ex-
trepe cases gain variations by a factor of five have been observed,
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Fig. 5.3. Responses to a strong source (NML Cygni).

The resuits fram three stares on the source, alternated with blank-sky
Déasurements are shown. The transitions from source to sky and back
(during which no CPC data were recorded), were sufficiently long for the
Bointln to stabilize. Raw data have been plotted, after demodulatior
ut before de litching. At these high signal levels splking {s not
redominant, On this Yery strong source the equilibrium response is ob-
ained after 60 seconds.  After a 60-second interruption the responsivit

is much reduced but 4§t recovers more rapidly. Weaker sources show muc
less responsivity variations,

The behaviour {s Quite complex, but two effects stand out. When a rela-
tively faint point source (about 20 Jy or less) on a low background {s moved
into the beam, there is a clear signal overshoot, relaxing with a short time
oonstant, This overshoot is usually present in the response to the
telescope's {nterna) calibrator (see fig. 5.5). The second effect is a slow
responsivity increase, at a rate roughly proportional to the fncoming flux,
and during a time Foughly inversely proportional to this flux. For a constant
input an equilibrium state, which depends on uthe input level, 219 reached after
the detectors have been oxpssed to about 10" Jy.sec / arcmin™. For exposure
levels around 120 Jy/arcmin® the responsivity doudbles in about 30 sec. The
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magnitude of this long-term effect may be as large as a factor 5, A few
seconds in darkness are sufficient to lose most of this gain increase, but the
high responsivity i{s recovered very fast if the system has not had enough time
to relax,

These effects were recognized as the observing program proceeded. The
¢istortions due to responsivity variations can be very strong, but are quite

reproducible. To characterize the effects quantitatively, speclal calidration
observations were perforped.

0+ W re
/'\M g NML CYG
o | ¢
| N
: ; ' b
3¢ ! ' "
| |
[ i
b
3 : WymWsony |
it- : +2
1]
= J
£ :
1
L 3

WO pm 400y}

° 80 100 150 200 '

Time {sec)

Fig. 5.4, Responses to a strong source (NML Cygni).

The results from a stare on the source, followed by three slow (0.07S
arcmin/sec) scans in alternatini,directions are shown. Raw data have
been Elotted. after demodulation dbut before deflitchin . The scan direc-
tion has a small influence on the response; this must caused by a leak
in one of the two additional CPC apertures meant for a beam-switching
2oge E radiation through this aperture is not modulated but reaches the
etectors. ‘

. One set of calibration observations consisted of pointing measurements
slternating between a strong or moderately strong source and a low-level back-
ground nearby. Each phase lasted between 10 seconds and a few minutes. Unfor-
tunately, operational limitations precluded recording data during the 7 or 8
seconds slew between the two positions. Examples of results fram such obaer-
vations are given in Figures 5.3 and 5.4,
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Fig. 5.5. Response to a sequence of stimulator exposures.

While pointing at blank sky, the internal stimulator was activated during
6 15-sec intervals, at t = 25 , 86, 160, 185 and 227 sec. The data
were demodulated, but not degiftched.

Each flash response shows an initial signal overshoot, a short-term
resfonsivity variation effect. The overshoot on the second flash, which
fcllowed closely on the first one, is less pronounced, A longer-term ef-
fect is the response increase from one flash to the next, The spiking is
strong, but does not seriously affect the measurement accuracy.




Similar observations have been carried out on a very low background, us-
ing the internal calibrator as a source. Fig. 5.5 shows such an observatijon.
The init{al signal overshoot s conspicuous, but it appears only after a suf-
ficlently long interruption (the threshold is between 4 and 16 seconds). The

integrated exposure 1s insufficient to show the long-term responsivity in-

134 eem Po0t 200% 08 aruansens Fig. 5.6. Scan-rate dependence of tne
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of course dependent on the scan rate.
During a slow source crossing the
responsivity build-up can be appreci-
able. This effect {8 more pronounced
at 100 ym than at 50 um., It {s much
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Repeated scans at various speeds across sources of various brightness
show the beam profile distortions resulting from the responsivity variations
(Fig. 5.6). The maximum Fesponse reached in a fast scan is generally lower
than the value obtained after a long integration on the source. The profile is
usually asymmetric, and the peak may be shifted forward or backward, due to
the overshoot effect or to the long-term effect, depending on the acan speed
and on the source intensity.

5.1.8, Attempts at modeling the responsivity varjations

The reproducibility of the anomalous gain effects made us hope that we
Bight be able to characterize the detector behaviour sufficiently to enable us
to devize a correction procedure. We constructed a phenceenological detector
model, described below, that can reproduce the results of the calibration
Reasurexents reasonably well. However, using this model to reconstruct the IR
signals on the detectors turned out to be impractical, for reasons that are

-15-



probably fundamental, In the firat place, such a reconstruction process §s
very sensitive to noise, part!cularly wvhen Super{mposed on signal gradients, 3
second problem is its high sensitivity on the assumed initial state of the
detector in terms of Rodel parameters. Finally, the model predicts much teo
small responsivities at ]ow input signal levels. In view of the fnherent jins-
tability of a direct correction procedure and of the reasonable agreement
between CPC and aurvey fluxes over a large dynamic range, we decided not to
attempt any correction based on a detector model,

In the phenomenological detector model the state of the detector s de-
fined by two Quantities, a gain factor G and a saturation level Fa. The fnput
signal Fln and the response Fout are related by

“G=xF,_ / Fs

in
Fout / Fa -] ~-p

The values of both g and F_ are variable, controlled by first-order differen-
tial equations. The behavi&hr of G determines the long-term responsivity vari-
ations, l-‘a accounts for the short-term effects,

The differentlal equation for the gain factor {s

qG/dt = A x Fyp % (G, = 6) = B x (G - Cpyp)

where the constants A, B, ¢

and ¢ are chosen to fit the experimental
data. Bin

max

G tenqs to an equilidrium value

Geq = (A » Fin n Gmax + B «x Gmln) 7 (A x Fin + B)

with a time constant equal to

t-l/(AlFin-oB)

An analogous differential etquation applies to the saturation level F

s,
with Fin replaced by (g Fin).

5.1.5. Laboratory tests

Laboratory tests on Ge:Ca detectors from the dame supplier failed to
reproduce the detector behaviour experienced during the flight. In these
tests the electrical configuration and the temperature of the detector and the
pre-anplifier wvere the same as during the flight, wnhile the signal levels were
in a range where strong effects have been observed. Signal-related short-term
responsivity variations remained below the 5 § leve), Stronger gain varjations
Sccompanied by 8piking were observed occasionally, but only after strong
electrical disturbances.



5.2. Sensitivity

In this section we will discuss the sensitivity of the CPC observations.
The responsivity changes discussed in the previous section affect the sensj-
tivity. The ability to detect peint sources depends on the previous sighal
detection history of a detector. If there is much infrared flux in a map, the
ensuing distortions in the infrared image will effectively make the signal to
nolise worse,

We analyze a few CPC images with relatively ljttle flux, Such low-fluy
images reasonabdbly well represent the real infrared distribution on the svy,
and the noise can be determined quite well. A sizable number of CPC maps fall

in this category, e.g. all images obtained outside the galactic plane and the
LMC,

We first selected an "empty"” image; this one was a large planetary nebua
at high galactic latitude, too weak to be detected. A histogram of the surface
brightness values can be approximated quite well by a gaussian. The standarz
deviation of this gaussian, B v 18 interpreted as the uncertainty in the su~-
face brightness for a aingle p"ixel.

Fig. 5.7. Surface brightness distribu-
MISTOGRAM OF SURFACE BRIGHTNESS YALUES tlgn 11’1 A nap around N IISSQ.
The histogram {s dominated by blank-sky
NGC 4389 samples; the values above about 3.5 Jy
00 ym REE “%garrqﬂén l?e duelt%o Epe sgurfe
. e noise, althou robas
Source flur 235 y dominated by low-level apikeg (See fis?
e s My $.1), apparently has a nearly Gaussian
distribution.
i
H
2
a2
3
¥
|
g
§
3
¥
0 2 H [ '

RPACT BRIGHINESS | sy faremanl )

In images containing relatively little flux the histogram of surface
brightness values exhibits also a gaussian shape at the low surface brightness
values, with a tall extending to large values. An example {s shown in Fig.

5.7; B, can be determined quite well.
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Table 5.1. Examples of total f£1ux determination.
I A A
Source Name CP? Band  Source Flux B 2
. um) (Jy) (Jy/arémin®)
Empty Field 50 0.6 0.
PLY 100 0.2 0.2
NGC U559 50 g. O.E
100 23.5 Q.
NGC 1961 50 10.1 0.4
M 81 '% ?o.g 8'?
18 13:9 0.7

Even for images containing not too much flux spread out over the image,
B_can be determined. E.g. for the image of M B1 the histogram i{s too skewe:
t8 be represented by a gaussian., By using only the part left of the maxizur.,
which does resemble a half-gaussian, B can be estimated reasonably well, an-
it is only slightly larger than the emﬁly map nolse.

Converting B into an uncertainty estimate for total flux determinations
(e.g. to use as point source detection limit) {s not straightforward, be-
cause the regridding process causes the noise in adjacent pixels to be corre-
lated, in a way that depends on the exact acan path for the observation.

We used the procedure outlined in sections 8.2 to determine the fluxes of
a number of weak sources (see table 5.1). The result on an empty field, or on
an eoply area in the map, is indicative of the reliability of the so deter-
Bined fluxes. Fluxes down to a level of a few Jy can be determined,

5.3. Observed beam profile

Knowledge of the CPC beanm profiles can serve at least three purposes:
= to estimate the extent of an f{solated aource,
to separate sources lying very close to each other,
to determine the flux of an isolated point source from its peak surface
brightness,

Note that the beam profile plays no role in the photometric calibration
of the instrument; all maps are given in terms of surface brightness, and
fluxes of sources can be found by integrating their surface brightness.

Determining the beanm profiles observationally requires a true peint
source sufficlently bright at the CPC wavelengths. There exist very few
sources that meet these requirements; most bright 50 and 100 um sources have
extents that are significant compared to the 1.2 arcmin diameter of the CP('s
entrance aperture. The asteroid Ceres was selected for this purpose; at the
time of observation its flux was 200 and 105 Jy at 50 and 100 um, and its di-
ameter about one arcsec. We obtained 8 9 x 12 arcmin maps of Ceres; the
results of the observations are summarized {n Table 5,2. To characterize a
profile width, we use the effective solid angle of the profile, 1.,e. the total
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Fig. 5.8. Observed beam profile

Cross-scan cuts through images of Ceres at 50 and 100 um are shown (a
CPCO9A observation, see table 2.1). The FWHM at S0 and 100 um is 1.4 and

1.6 arcmin respectlvely. Average values from all Ceres observations are
presented in Table 5,2,

flux divided by the peak surface brightness, and the full width at half max-
imum (FWHM). Figure 5.8 shows cross-scan cuts through the best image of Ceres.

Table 5,2, Beam characterjstics from observations of Ceres

The quoted uncertainty i{s the r.m.s. deviation
of a single observation from the mean,

Band S50lid Angle FWHM
{arcmin”) {arc sec)

50 um 2.5 ¢ 0.2 88 ¢+ 4

100 um 3.3 ¢ 0.2 100 £ 3

The internal consistency of the Ceres measurements is somewhat misleading; the
observed short-term responsivity variations (see section 5.1) cause flux-
dependent distortions of the source profiles. This might explain the incon-
sistency of the results on Ceres with the theoretical beam profile (section
T.4).
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Indeed when we compare the Ceres observations with other observations of
likely point sources , we do find a correlation of the apparent width of the
beam profile with the source peak surface brightness, Figure 5.9 shows the
results of the comparison, In producing these data we needed a scheme to es-
timate the background in a map; for this purpose we used the median value of
the surface brightness (cf. section 5.2). The apparent beam size tends to in-
crease with the source brightness, but there is an appreciable scatter. One
cause for this scatter is undoudbtedly that the background surface brightness
8130 influences the responsivity variations,

The main conclusion from the beam profile measurements must be that

great caution is reguired in 1nterEret1n§ the extent of sources in the CPC

maps. Also, peak brightness {s an unreliable basis for a flux estimate; the
photometric calibration of the CPC is based on integrated fluxes.
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6. Data reduction

6.1. Input data base

The CPC images were produced fram a data base set up during the mission
at the ground station. The contents of this data base are as follows:

= & carplete log of the observational schedul e;

= assorted satellite data not transmitted in the high-speed telemetry, no:-
ably the results of the attitude calibration measurements;

= alignment and calibration parameters of the satellite attitude systerm;

= satellite board clock calibration;

= status of telemetry quality;

= for the whole period covered by the telemetry from the satellite, once
per second the status of the DAX instrument (temperatures, voltages
ete.);

= the CPC 64~Hz digital data, for the periods the satellite was commande:
to CPC data handling,

About three hours after the completion of each 12-hour observing period
(SOP), a tape containing these data in 6 files, was delivered to a ROG crew at
the ground station. The contents of this tape were then immediately processes
for data quality verification, quick-look reduction and archiving (comdining
several SOP's worth of data to an single tape). The total compri ses about 830
MBytes of data on 32 tape volumes.

6.2. Syatem design

The software system for production of the CPC images is designed around
twvo special file formats, DAX files and image files. The different steps in
the reduction are performed by about half a dozen programs which repeatedly
process files in these formats. The relation between programs and files {s
shown in Fig. 6.1,

Both file formats were designed to contain a complete subset of the dats
base, in the sense that all the relevant information for processing was
present in each file. This avoided the construction and maintenance of auxi-
liary data bases, at the cost of about 10 § overhead in file size, due to the
presence of multiple copies of global information Structures. Alsc sane
derived quantities had to be recomputed for each file anew, instead of bdeing
globally available. The main profit of this setup was the production flexi-
bility. For all reduction asteps we could choose a comproamise method between
twvo extremes. At one end we could run large volumes of data in batches
through a single program and store the intermediate results, at the other end
Wwe could generate a single observation end product by running a single file
through all programs in a pipeline connection,

The DAX file is capable of holding all data pertinent to a few observa-
tions, usually the 12-hour operational period (SOP) is kept together. The
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data are maintained in time order in an intermediate stage of reduction, while
various programs derive and add calibration parameters without changing the
DAX-file format. This setup enabled us, at least to a certain extent, to ex-
thange the order in which some programs operated on the DAX files, or even to
reprocess DAX files without having to regenerate an intermediate product,

The image files are used for the intermediate reduction stage where the
time order is lost and the results are stored as images, {.e, estimated sur-
face brightness values at a regular grid on the sky. Each image file contains
the data for one observation.

6.3. Demodulation and deglitching

The first program in the reduction scheme is DEGLTC, which creates a DaX
file for one SOP from the data tapes received from the ground station. The
data are processed by DEGCLTC in three steps,

8. The consistency of the input files is verified and the DAX-file format is
set up.

b. The digital data stream of the CPC is decompressed, The 64 samples per
second of the detector output values are reconstructed from the digital
8-bit data stream by table lookup. Demodulation is done by correlating 8
consecutive samples with a sine function at the known fixed chopping fre-
quency of 15.062 Hz, with the phase as free parameter. This resulted in
8 samples of modulation amplitude per second per detector.

¢. To suppress the spiking behaviour of the detectors, a deglitching alge-
rithe is applied to the 8-Hz data, independently for each detector. The
deglitching algorithm recognizes spikes by a sudden {ncrease in response,
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followed by a decrease to the original level on a time Scale of 0.5
seconds. When a spike is detected the estimated amplitude of the $piwe
Is subtracted. Both the deglitched data stream and the or{ginal 8-H:
data stream are then 8DoOthed by averaging over half-second intervals,
The resqlting two valyes per second are stored in the DAX file for furth-
er processing.

Side effects of the demodulation and despiking methods are discussed in sec-

tion 7.1, a detajled description of the algorithm is given in Annex 1,

6.4, Responsivity varfation

Correction for gradual changes in detector responsivity ("gain") during
the observation is done by the program GAINCR, usually the third atep in the
reduction process, The algorithm {s based upon the following assumptions.

= The demodulated andg deglitched response of the detector is equal to ob-
served sky surface brightness Bultiplied by a gain function.
= The gain changes slowly in time, on time Scales comparable to the dura-
tion of a leg of the raster scan.
= In the part of the 8Ky covered by the raster scan, a background regior. of
constant surface brightness is present, erossing the scan legs, thereby
providing a reference level that is observed several times during the ob-
servation,
After selecting a number of samples representative for the background, the
change observed in this background {s modelled and used to derive the gain
function, The instrumental causes of the g2in variations are descrjbed in

section 5.1, the validity of the correction method is discussed in section
T.2.

The background region is determined by taking the despiked response
values for one detector as a function of time from the {nput DAX file, two
values per second of observation., The lowest values fram each pair of legs
are selected as background samples, until the summed response én the selected
points reaches a value of 1 Instrumental Unit (« 100 Jy/aremin®), or until 20
points in this pair of legs are chosen.

The galn variation i{s then modelled by fitting polynomials of degree 0 to
4 through the response values in the background region (see Fig. 6.2). The
residual varfances of these fits are compared, and if two polynomials have a
difference of less then 208, the higher-order one is rejected as being un-
necessarily complex. The remaining polynomial with the highest order 1s con-
aldered to model the gain variations.

Finally the gain function is determined by normalizing the gain variation
polynomial s0 that its value for the maximum response {n the whole map is
oqual to one, The despiked data values are then divided by the gain function
for that detector, while the ‘raw' data values are unchanged. The resulting
data stream is stored in the same DAX file format as the input data,

The gain correction procedure was considered to be dubious when one or

wore of the following cases applied,
= There is no clearly recognizable background region: less then 10 % of the
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Flg. 6.2. Long-term responsivity variation correction

The lower plot shows the original observation: the background increases
slowly due to the long-term Increase in gain. The background was fittecd
by a function represented by the dashed line. The gain function {s nor-
palized at the Eeak (at about 145 sec) and the resultant plot s the
higher one (shifted upward for sake of clarity).

samples in the whole map are selected as belonging to the background,

The minioum and maximum values of the gain variation have a ratio of 6 or
pore.

A Yy test reveals that the response variations on the baskground cannot
be fitted by the chosen gain variation polynomial. The Y test uses the
mean absolute difference between successive samples in the whole map a
an estimate of the standard deviation g. The fit is rejected whenever y
exceeds the 0.1 § probabllity limits meaning that of the cases where the
model was valid, 1 in 1000 will be falsely rejected.

A dubjous gain correction at either wavelength is taken to affect the whole
cbservation; a remark is then added to the output file, which will prevent the
appearance of this observation in the current end products.

6.5. Pointing reconstruction and regridding

The program ATTREC reconstructs the viewing direction of the CPC hole at

the aky from the satellite attitude information:
a. the satellite position as commanded by the ground station,

b.

the servo error (difference between commanded and observed position) as
used in the attitude servo loop and reported back by the satellite,



C. an inversion of the algorithm used by the ground station to convert
celestial coordinates to sateliite position commands,

d. the slow changes in the attitude control system as measured and reported
by the satellite upon éxecution of an attitude calibration scan,

The conversion of satellite position ocommands to ocelestial coordinates
needs the position of the sun, which {s assumed constant for the duration of
the raster scan, It {s computed for the the time halfway the raster according
to the prescriptions of Newcomb (1895) to about 1 arcsec accuwracy. For the
Bisalignment parameters which describe the viewing direction of the CPC hole
With respect to the satellite attitude control coordinate frame, we use the
nowinal values provided by the ground station for the optical axis of the
telescope, with a fixed correction for the relative position of the CPC hole.

The attftude calibration measurements were used to determine the
pispointing of the attitude system by scanning special visual sensors over a
star with known position. During the CPC raster acans, the onboard software
corrected the commanded attitude for difference between achieved and intended
viewing direction as computed from the last succesfully executed attitude
calibration scan. The reconstruction, done in ATTREC with the originally com~
manded attitude in combination with the nominal misalignments, amounts to us-
ing the misalignments actually valid at this latest attitude calibration,

Routinely, attitude calibration 8cans were requested before and after each CP:
raster scan.

The second attitude calibration, done after the raster scan and the flux
calibration Béasurement, was. used to determine the change in misalignment
correction., The change was usually negligible in the cross-scan direction,
being the mechanieal misalignment between the sun sensor and the telescope,
In the in-scan direction the change is mainly caused by the error in the in-
tegration of the gyro readouts. This occurred chiefly during the slew
Banoeuvres (e.g. going from the attitude calibration track to the raster
scan}. The change in Risaligment between the two attitude calipbrations is in-
terpolated by ATTREC in proportion to the number of slews performed, and as-
sumed constant during the raster acan,

The reconstruction of the raster Scans uses an in-map coordinate syster.
The axes of this system coincide with the {n-scan and cross-scan directions.
The origin of the In-map coordinates is established by determining the com-
manded sky position for a sample halfway the middle leg, and rounding the
result to a point on a predetermined ) arcminute grid in RA/Dec. The rounding
to a fixed grid faciltates superposition of overlapping maps. Right ascen-
sion, declination of the origin of the in-map coordinate, and position angle
Bystem are recorded in the DAX-file. .

For each leg of the raster scan the commanded positions of the first and
last sample on the in-pap coordinate system are computed and stored. The ser-
¥0 errors, giving the recorded deviations from the commanded scan are already
stored in the DAX-files on a one-second basis,

The program REGRID computes the sky surface brightness at a regular pixel
grid. 1In doing so, the information is converted from the time domain to the
image domain, the result is of necessity in a different format. The grid is
alwvays at 20-arcsec pixel size, oriented in RA/Dec, with the center position
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at the origin of the in-map coordinate System. Correcting the reconstructed
Commanded position with the control errors, both svallable at one-second in-
tervals, gives the actual track of the CPC diaphragm over this gridq,

By quadratic interpolation a position ias assigned to each half-second
surface-br{ghtness sample, The surface brightness at each pixel of the grid
is ocomputed as the average of all samples that are within 32 arc seconds of
the pixel position. This amounts to a convolution of the data by a circular
beam of the same radiys and rectangular cross section, The surface brightness
is considered undefined for pixels where no sample is taken within the 32 arc
second radius. The procedure {s (partly) depicted in Fig. 6.3.

A conventional astronomical object name, usually provided by the reques-
ter of the observation, {s added from a manually maintained list, as an aid in
identification,

6.6. Calibration and generation of end products

Program IMTOFT is the final step in the reduction process, reformatting
the regridded images to FITS format. The surface bright ness B1 is kept in
internal units Up to this stage, where it is converted to B tn ?% MJy/ster,
The overall calidbration factor A and the sensitivity chan%e ‘hme scale T,
derived in sections 8.1 and 8.2, are given in table 6.1, The conversion ap-
Plicable at the time of observation t (in years) is then given by the formula:

A
Batnd = 7= (t=1983.07 7 T " Bint

In order to make the difference between 'clean' and 'raw’ images (see
section 3) visible, a margin s added to the images, which 1s filled with un-

defined data values for ¢lean i{mages. For the raw images the margin contains
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R, R —
Wavelength Cailibration Factor A Time;cale
(um) (Jy/ar'cmine per 1.U.}) (Jy/pixel per 1.U.) {year)
50 70 7.8 3.5
100 105 1.7 .0

the character pattern 'RAW IMAGE' (or the part of it which fits).

When finally preparing the tape, dubious observations as described in the
previous sections, are prevented to appear in the current product. Each file
on the resulting FITS tape contains two images at 50 and 100 ym, stored as two
planes in a three-dimensional data array. The clean and raw images are pajre:

as two files of identical size, and the observations are sorted to Right As-
cension,

The FITS header section is built upon a rather rigid template, where only
the values needed for a Quantitative interpretation of the data are given as
FITS keyword parameters:

= type, amount and organization of the data on tape,

= scale of the maps and position on the sky,

= calibration of the FITS tape values to MJy/ster,

= epoch of observation and of tape generation.
Other parameters, which assist {n a qualitative interpretation, are passed in
COMMENT flelds. If numeric values appear in comment positions, they must not
be used for detailed computations., E.g. we give the beam position for the
first and 10th second only to convey an {mpression of the execution of the
raster scan,
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1. Analysis of reduction techniques

7.1, Demodulation and deglitching

The potential side effects of the chosen demodulation technigue resuit
from the chofce of ignoring the phase information. This can reduce the meas-
urement accuracy at signal-to-noise ratios of order 1 or less: at such low
signal levels the nolse tends to get rectified and thus adds to the amplitude
estimates, and any sign reversals in the modulation remain undetected, 1In a
number of test cases we computed the phase for each 8-Hz demodulation inter-
val. This showed that, apart from a systematic influence of the signal level
and except on strong glitches, the phase is quite stable, even at the lowes:
signal levels, In other words, the 15 Hz modulation {s always present with a
relatively high signal-to-noise ratioc and taking account of the phases would
not significantly affect the results, Strong glitches are rectified and there-
fore systematically over-estimated, but do not pass the deglitching process
anyhow. The results of the quick-look processing of CPC data, which employed
Phase-sensit{ve demodulation at 2 Hz without deglitching, confirm the conclu-
sion that the phase information in the CPC data {s irrelevant,

T.2. Responsivity variation

As explained in section 5.1, it {s quite difficult to reconstruct the
gain varlations of the CPC detectors. When the gain drops to a low value,
reconstruction of the corresponding surface brightness means dividing the
response by a number close to zero, with disastrous effects on the result.
This prevented us from applying the model given in section 5.1, instead we
‘measured' the gain variations by fitting a smooth function to the background
of each observation (section 6.4). As the method searches for a minimut
response on each pair of scan legs, it relies on the existence of an area of
constant surface brightness crossing the scan legs. This assumption {s all
right for relatively isolated objects,

When an area with extended emission is observed, the galn variation can
not be disentangled from the true background variations. The gain as 'meas-
urecd' on the lowest values of each leg pair, will then not reflect the true
gain variation. Because we normalize the gain to be unity at the maximum
response, the effects are limited in the cases where a relatively bright
source was observed on a low but non-constant background, The major effect on
the resulting map is then a pseudo-background strip, oriented across the scan
legs, where the surface brightness is forced to be constant. For relatively
weak sources embedded in complex emission structures, the gain variation be-
oomes almost impossible to reconstruct. Annex 2 discusses in detall a few
§c0d and bad cases of our gain correction method.
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7.3. Attitude reconstruction and regridding

Each step in the attitude reconstruction can conceptually be assigned to
one of two levels. The firat level deals with the local geometry of the exe-
cuted raster pattern ; the second level deals with the location and the orlen-
tation of the raster on the sky.

At the local level, which determines the relative positions in the map,
the dominant error stems from neglecting changes in the attitude control sys-
tem parameters during the raster scan. A slow, linear drift {n these parame-
ters would cause scale errors or shear in the map. From the consistency in
the attitude calibrations bracketing most CPC observations, we conclude tha:
such distortions will not exceed 5 arc seconds. Although the executed scan-
ning rasters have significant irregularities, particularly near the transi-
tions between scan tracks, the relative attitude reconstruction enables the
use of all photometric samples in the regridding process,

At the second level, where absolute positions are determined, the main
error 1s again related to the uncertainty in the attitude system parameters,
The special attitude calibration scans with the visual star sensors, bracket-
ing the raster scan, usually provide a net value for the in- and crosa-scan
errors at the moment of the star sightings. The attitude reconstruction algo-
rithm uses a fixed fraction of the difference between the two values to com-
pensate for drift in the system parameters, but it is not clear whether this
is the best procedure. Fram tests on known objects (see section 2.2) we find
that the absolute position error is about 25 arc sec r.m.s..

The input data of the regridding routine is a time sequence of brightness
measurements At intervals of 0.5 seconds, With the results of the pointing
reconstruction the regular one~dimensional temporal grid {s translated into a
slightly irregular two-dimensional spatial lattice. The separation of the
lattice points {s typically 25 arc sec, 30 § of the beam diameter, 80 that the
the sky brightness is always adequately sampled,

The regridding routine transforms a map to a regular lattice with a spac-
ing of 20 arc sec. The interpolation algorithm simply assigns to each lattice
point the mean brightness measured at all points of the original grid within
30 arc sec. If the original grid were regular, the interpolation would amount
to a two-dimensional convolution with a "pill box" function. From this point
of view, significant irregularities are found only at the edges of the ob-
served fields; everywhere else proper apatial convolution occurs. As is
demonstrated in the next section, the employed interpolation function combines
well with the optical beam profile.

T.8, Resultant Beam Profile

Accurately known significant contributors to the over-all beam profile
applicable to the CPC maps are :
- diffraction at the telescope aperture,
- the CPC aperture geometry,
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- telescope motions during the 0,5-second integration time,
= the regridding algorithm.
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In practice the beanm profile can be distorted by
varfations., The most noticeable effects can oceur on strong sources, part{cu-
larly in combination with high backgrounds. At low scan rates the gain {n-
Crease on strong sources can stretch the source image in the scanning direc-
tion; a high background underneath a strong point source can be amplified lo-
cally to produce the semblance of wings, again extending in the scanning
direction, Probably because of such non-linear effects, the point-source pro-
files in the obtained Rnaps are often broader than the predicted beam profile,

short-tern responsivity

Figure 7.1 shows the predicted CPC beam profile at 50 . To indicate the
importance of the various contributors, the figure also shows the Alry func-
tion representing the telescope diffraction, averaged over the wavelength
band, and the optical beam profile, which {s the convolution of the Alry fune-
tion with the CPC aperture function. After regridding, the profile has a near-
ly Gaussian shape. The regridding does not change the half-width of the pro-
file and reduces the peak reaponse to

a point source by only 13 § (optical and
over-all profiles are shown on the same scale). At 100 um, the Airy function
is twice as broad and the optical profile is much

Smoother; the effects of the
regridding on profile width and contrast are quite similap,
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Fig. 7.2. Theoretical beam profiles at S0 and 100 um.

For the fastest raster scans (CPCF9A macro) an additional in-scan
broadening by 3 § {s predicted.

Figure 7.2 shows the over-all beam profiles for both CPC channels, nor-
malized to unity peak amplitude,

The figures do not show the additional smoothing in the scan direction
due to the finfte integration time. At the highest scan rates, in the CPCF9A
Observations, an {n-scan broadening of the profile by only 3 % is predicted.
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8. Photometric calibration

For the photometric calibration of the CPC observations we used three
sets of observations,

= After each CPC observation the "fnternal stimulator" in the IRAS tele-
scope was used to produce a 15-second long stimulus signal, thus serving
as an internal calibrator. The short-ternm responsivity variatiors
prevented the use of these measurements to calibrate individual observa-
tions, but they served to monitor the long~term responsivity changes.
= The planetary nebula NGC 6543, which was used as a photometric reference
for the survey instrument, was observed dally with the CPC. These meas-
urements also monitor the long-term responsivity changes, allow a direct
assessment of the repeatability of the observations, and firm-up the ab-
solute calibration.
= A large number of point sources were observed both with the survey in-
strument and with the CPC. These observations provide a check on the
linearity of the CPC brightness scale, allow an estimate of the reliabil-
ity of CPC fluxes, and provide a tie-in with the survey observations.
The results of this comparison did play a role in choosing the normaliza-
tion procedure in the routine used to reduce the effects of signal-
induced responsivity variations.
We have no absolute calibration of background levels. To arrive at a meaning-
ful calibration we would need a much better model of the reaponsivity varia-
tions than we can distill from the available material. The widely different

bean sizes of CPC and survey array prevent us from using the survey calibra-
tion for this purpose, .

8.1. Sensitivity changes and repeatability

8.1.1. Internal stimulator

We study in this section "flashes" of 15 seconds duration observed after
each scientific and caljbration observation of CPC. From the response of the
survey detectors we know that the flash intensi{ty was constant to a few per-
cent during the whole IRAS mission. Thus flashes seem f{deal to establish the
adbsolute level of each CPC observation. This 1s not feasible because the
responsivity variation (described in section %.1) makes the tie-in of the CP-
response to a flash and to an astronomical object uncertain due to the time
lag of at least 30 seconds (on average a few minutes). In addition, on high
backgrounds the signal-to-noise ratioc of the flash response is low. In spite
of these problems the flash response as a function of time can be used to
study long-term responsivity changes of the CPC detectors.

In Fig. 8.1 we show the flash intensity versus time for 829 flashes. The
routine flash measurement consisted of 8 seconds background, 15 seconds stimu-
lator on, 7 seconds background. The response of the detectors on the stimula-
tor is shown in Fig. 5.5. Note the predominance of flux-induced spikes; the
software deglitcher was not used on these measurements. As a measure of the
flash amplitude the difference between the medians of the stimulator and back-
ground samples is used, to minimize the influence of spikes.
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1. Photometric stability and repeatability, from internal calibra-

The results of several hundred measurements on the internal stimulator
are plotted {in this figure. The spread is considerable: about 25 %

r.m.s-
6

The slight downward trend is consistent with results obtained on

NGC 6543. The mean stimulator siggal corresponds to the peak signal from

a4 point source of 21 or 26 Jy at

or 100 um respectively.
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Before t = 0.30 years the scatter {n the flash intensity is rather large
because the flashes were observed on the source. Therefore we fitted a
straight line to the flash intensities beyond t = 0,30, and found a r.m.s.
deviation of about 25 § for both bands. This value can be interpreted as an
estimate of the repeatadility of CPC observations of low signal-to-noise.

There is a barely significant decrease of the response of CPC to the
flashes in the course of the mission, confirming the decrease found on celas-
tial sources (see below),

A similar plot as Fig. 8.1 is shown in Fig. B.2 using NGC 6543 as a con-
stant source. (The NGC 6543 observations used have not been fully processed:
the correction for long-term responsivity variation has not been appliec.) A
histogram of the flux values indicates that the distribution of flux values
resembles a gaussian, and there are adbout 20 of the 247 flux values that lie
very far from the average value. Ignoring those 20 values we have derjves one
signa values of 12 % and 17 ¥ at 50 and 100 um respectively. These values car
be interpreted as the repeatadility of CPC for sources like NGC 6543;

= lying far away from the galactic plane, and
= not observed just after a passage over the South Atlantic Anomaly.

There clearly is a decrease of long-term responsivity in the course of
the mission., Because of the large scatter precise numbers cannot be derived,
For the data reduction (see section 6.6) we have used a linear decrease, arbi-
trarily normalised to 1 at epoch 1983.0, derived from a best fit {n Fig. 8.2.

wo| NOC 8543 : Fig. B.3. Repeatability of
) . the ratio of the 50 and 100 um
. .- . responses to NGC 6543.
BN . ’ Clearly there s very 1little
ot - . correlation bet ween the
- - responsivit variations ob-
% Lene T e e, served in the two channels.
..'. ) . :.‘$..\ . t ‘:.
i - .’. [ *
lw“ . .. L
' L :.
™) ") 70 w0

Bhpe Than (orh. anity)

The fairly bad reproducibility derived above is quite probably due to the
responsivity variation effect. 1In figure 8.3 the 100 um flux is plotted
versus the 50 m flux of each individual NGC 65U3 observation. The scatter is
considerable {ndicating that the responsivity variations of the 50 and 100 um
bands of a simultanecus observation are not correlated,



8.2. Linearity and absolute calibration

To determine the linearity and absolute calivration of the CPC a nurber
of cbservations on point sources were compared with the results of IRAS survey
observationas.

[ T

[ 109

Log iCPC thux iyl
toglCPC flustiyll

) 1 1 3 ¢ 1 2 H . 5
Loglsurvey fluniiyl Logisurvey fiuallyh!

Fig. 8.4. Absolute calibration of the CPC.

For 50 point sources this figure shows the correlation between flux den-
sities from CPC observations and from the IRAS Point Source Catalogue.
Apart from a scatter of about 50%, the data can be fitted with a linea-
relation, indicated in the figure. This relation defines the calidration
of the CPC results.

About 50 sources were selected from the CPC maps as being completely
mapped by the CPC observations, {.e. FWHM less then about 2 arcmin at both 50
and 100 um. The point source flux density as observed by CPC was determined
in instrumental units, by fintegrating the surface brightness over the whale
Bap with subtraction of the background level. The background surface bright-
ness was taken as the median of the distribution of brightness values i{n the
Bap. For the selected type of sources, the distribution of brightness values
is dominated by the background pixels, and the median value is accurate as
background level to within 3 percent. The results were plotted against the
IRAS survey point source catalog fluxes (see Fig. 8.4). The CPC 50 um flux
density was compared with the survey 60 um flux density, and the CPC 100 um
wWith the survey 100 um. No color corrections were made to allow for devia-
tions from a flat spectrum.



From these plots three conclusions can be drawn.

1. The CPC photometers are linear as compared with the survey instrument
over a dynamic range of I decades.

2. The calibration of the Instrumental units can be der{ved by determining
the best fitting straight line of slope 1 i{n the plots of fig. 8.4, 4
correction factor of 50/60 was used to convert flux densities at 60 um to
50 um, 1.e. sources with a flat spectrum in vf were assumed in this
calibration. The result {s given in table 6.1.

3. For individual objects, a CPC-based point source flux density can deviate
by 50 percent, even though the CPC maps for repeated observations of a
single source reproduce the surface brightness to about 15 percent (see
section 8.1),

The disappointing reliability of the CPC surface brightness calibration for
single observations may partly be explained by the fact that we did not use
any color corrections in the comparison, partly by systematic effects in the
different mpethods of flux determination: for the CPC we integrated surface

brightness over the source area, whereas the catalog result is based on a ter-
plate fit,

We think however that the major part must be ascribed to responsivity
variations, We recommend that the flux calibration of individual CPC observa-
tions de compared with IRAS survey data results. This can be done by deter-
mining the point source flux density as outlined above, and comparing with the
point source catalog flux density. As an alternative, the surface brightness

in the CPC map may be compared with the extended emission products of the IRAS
survey.

8.3. NGC_6543 as reference source

The planetary nebula NGC 65U3 was chosen as reference source for the IRAS
mission, as it appears to be a sufficiently strong non-variable IR source.
Daily measurements of this object allow determination of the repeatability of
observations and of long-term variation in the responsivity of the CPC. The
response on NGC 6543 was also used as a check on the absolute calibration.

Several properties of NGC 6543 may have influence on the final calibra-
tion, Situated at galactic latitude 29%1, the risk of confusion with galactic
sources {8 low. Inapection of Skyflux maps of the reglon around NGC 6543 con-
firm that NGC 6543 is an isolated IR source.

Optically, NGC 6543 is a bright compact HII region of approximately 10
arcsec in radius, surrounded by a weak halo of 190 arcsec radius (Millikan,
1974). The IR emission distridution as observed by CPC in the 50 um band is
shown in figure 8.5. With the effective aolid CPC beam derived in section 5.3
the nebula appears unresolved. Moseley (1980) has attempted to determine the
size of NGC 6543 fn 37 um continuum radiatfion; he found little flux outside
his beam of 20 arcsec diameter. There is no evidence in single CPC images
that a halo is present at 50 and 100 um.

Planetary nebulae do not only emit IR continuum radiation, but also line
radiation in forbidden lines. Known planetary nebula em{ssion lines in the
survey and CPC passbands are [OIII] at 52 um, [NIII) at S7 ym and [0III] at
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88 um,

The 52 um and 57 um lines appear in both the CPC 50 um band and the sur-
vey 60 um band (see figure k,1), _qgtsogzet al. (1981) measured the 52 um 1ine
intensity In NGC 6543 as 2.6 « 10 Wm “. An upper 1imit on the intensity or
the 57 um 1ine can be deriv d by assuming (1) a cosmic nitrogen abundance,
(11) 211 N {s fonized into N" ', and using known parameters such as electron
density and temper:tungt§Po§&fsch et al.,1984), The 57 u@ line intensity is
then at mast 8,5 % 10 7 Wm . The in-band flux at 60 wm was found to be
3.4« 10 Wm © (IRASES 1985), which is considerably larger than the estima‘-
¢d flux in the lines. Since both lines are located well inside both the 69
aurvey and 50 um CPC bdands, thelr influence on the calibration of the 50 um
CPC measurements is negligible,

The strength of the 88 un line can be estimated from the 52 um line in-
tensity, the electrg?udqugty and temperature in the nebula. In this way an
intens{ty of 5 x 10 !qs 152derived. As the in-band flux in the 100 ur
Survey band is 7.6 x 10 We ©, and the 1line again appears both i{n the Cp:
and survey 100 um bands, the influence on the comparison of CPC and survey
fluxes of NGC 6543 is negligible,

We assume, upon the arguments presented above, that the contributions of
line radiatfon are about equal in the Survey and CPC bands., We also assume
that the underlying continuum can be represented closely encugh by a 135 X
blackbody curve for computing ecolor corrections. The survey flux densities
can then be converted to the following flux densities at the CPC wavelengths:

= 140 Jy,

P
F2OW L 67y

100 um

In conclusion, the measured fluxes within the broad photometric bands of
the CPC and survey instrument are wainly due to thermal continuum radiation
from heated dust particles. It was therefore justified to use NGC 6543 to mon-
itor the calibration, repeatabi{lity, and stadbility of both instruments.
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A.1. Description of CpC Deglitch Routines,

The deglitch routines have two main functions: the demodulation of the
rav dats and the removal of the frequently occurring glitches. Both functions
will be described in some detail below,

Capitalized words refer to procedures or functions of the deglitch
softvare,

A.1.1, Demodulation

The photometric data as they came from the satellite were modulated witn
& frequency f_ o 15,062 Hz. They were sampled 64 times per second
(f_ = 64 Hz), In a trade-of f between high time resolution versus compating
tife and unwanted beat frequencies, we settled on a demodulation of 8 data-
peints in one turn, bringing the data frequency down to B Hz.
For the k-th point we can write:

Xk =Db +acos(¢ + Kk a¢) (1}
where b s the de-value, a {3 the amplitude and ¢ is the phase of the modul at-
ed signal. A¢ is 2xf /T .

Equation (1) can be frifien as a linear equation in b, a cos¢ and a sing:
Xk =b +acos¢ cos(k a¢) - a sin¢ sin(k a¢) (2)

From this set of 8 equations the amplitude, a, can easily be solved.

FILMAT sets the constants cos(k 4¢) and sin(k A¢) and fills the inve~ted
matrix; DEMOD performs the demodulation of 8 raw data points, yilelding one
point for 1/8 sec,

A.1.2, Deglitcher

A.1.2.1, Definition of a Glitch

Glitches come in two kinds: random glitches and photon induced glitches.
Both kinds have positive and hegative representatives, of which the positive
ones are in the majority,

The random glitches are presumably caused by particle hits on the detec-
tors. They ocewr independent of what the detector 1s looking at. The cause
of the photon induced glitches {s less clear. They only occur when a certain
amount of flux {s shining on the detector. By lack of a more apt name they
are called photon induced giitches. Although these two kinds clearly occur,
there {s a large overlap area where glitches cannot be ascrided to either
kind,
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In general a gliteh is characterized by a fast rise time and an exponen-
tial decay. Mostly the top is reached w{thin 0.1 second. Sometimes strange
starting effects ocour e.g. a deep negative trough just before a positive
glitech which are caused by the do restorer. Negative glitches do not have
these strange starting effects. After reaching the top the glitch decays
within 1 second to half the top value; it is not possible to define one
characteristic decay time. The random glitches geem to be faster than the

photon induced ones. Some characteristic glitches are shown in figures A.2
and A.3

A.1.2.2. Removal of a Gliteh

The routines for removal are operating on a window of 4 seconds; Fig. A.1
defines the terms: backend, frontend and point,

24 Flf. A.1. Removal of a
e=em tomoved  glitch : 81 teh
04 The removal method uses a
window of 4 seconds. Thne
terms "backendg" "fron-
- 21 N tend"” and "point® are ex-
: wisa T e—on DewLi B plajned,
Em‘ Degiteh window
! K] {: 1 44
i - é?o'u I I
i
i
» i
F i
: ~o ] |
& s 5 ) : i
WA A W W
° L L) ¥ v T

Time (aec)

At the start the window {s filled (FILWINDOW). The data in the backend
are used to determine the background level and its noise, A linear equation is
fitted to these points which are weighted with a geometric decay. For compu-
tational reasons this particular weighting scheme was chosen: {n a scheme
where all points on a certain stretch of the backend have equal weight, compu-
tational errors tend to accumulate just enough to be noticeable at the end of
ohe measurement (about 400 seconds). The geometric decay avoids this nuisance.

The weight 1is 1'1', where { {s counted from 2erc and t is chosen to be
0.8. Effectively the fit is made to only 5 points but a 1 equal to 0.9 (10
points effectively) ylelds a fit that reacts too slow on a fast ecrossing of a
source. The noise is determined froam the sum of the squared deviations. A
Einimum value on the noise {s necessary as the subtracting mechanism in the
deglitcher diminishes the number of degrees of freedom in the noise, The value
of 0.0001 Volts is taken as it {s the smallest value the raw data could at-
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tain.

From here on the background to a point 1s an extrapolation of the linea-

fit to that point. The noise {s supposed to be constant over this extrapolated
region.

As the actual filtering of glitches atarts at point zero, the firs:

second of every measurement or after & gap in the datastream, is not de-

glitched, 1In all other situations the background and nolse are determined
from deglitched data of the backend.

189 cERrES 11} 00 ym 107 cERES () 100 ym

0.9+ 054

f
=
-
?

0 sl o 0 ;
1.04 20 um 10 Wym
i £
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094 0.84
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0 1© 0 —— 2 0 0 20 S—— X

Fig. A.2. Examples of CPC data before and after deglitching.

T?f réggres show 8 Hz data, original (top trace, shifted upward) and de-
glite . :
= Figure Ceres (1).
gms:r random élztches can be seen, often correlated between both
channels. Ceres is visible between 12 and 20 sec.
= Figure Ceres (2).
Same random glitches are present. A nice example of a strong nega-
tive glitch occurs at 100 at 15 sec; it is correlated with a very
strong positive glitch at 50 um.

In order to be recognised a glitch as defined above has to fulfill 4 con-
ditions. (Note that for negative glitches all signs have to be reversed.)
1. At point 2 the strength of the glitch l.e. the signal minus the back-
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Fig. A.3. Examples of CPC data before and after deglitching.

T?ftfésgrea show 8 Hz data, original (top trace, shifted upward) and de-
glitched,
- Figure Ceres (3),
Conspicuous photon-induced glitches appear on the leading win% of
Ceres, They are somewhat broader than the random glitches. ote
that at 50 um at 20 sec a complicated 'double’ glitch occurs which
the deglitcher could not handle. At 26 sec a positive gliteh shows a
negative start (100 um).
= Figure Flash,
At the beginning of a flash usually a photon-induced glitch is seen.
This kind of glitch can be removed by the feature described in An-
nex.1 (condition 4),

ground, has to be greater than 7 times the nolse, Point 2 was chosen to
etep over the atrange starting behavior of some glitches (FORNEXTTIME).
Seven as a glitch recognition conatant is a compranise between cutting in
the noise (at 5) and leaving conspicuous glitches untouched (at 10).

When earlier in time the subtraction of a glitch already occurred at
point 2, we don't want to subtract other glitches which could be ar-
tefacts of our own manipulation. More stringent rules have to be applied
now. The candidate glitch has to be greater than 4 times the difference
between the original and the manipulated signal which allows a glitch in
the tail of a previous one to be subtracted, or it has to be greater than
14 times the noise; it has to be really huge. The values of both con-
stants have a certain amount of arbitrarinesas {CONFUSION).

A candidate glitch has to have a top within a certain {time)interval i{.e.
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8 point which is higher than the previous one and the next one. The (n-
terval Is confined to the points 2 or 3 which limits the rising time to
0.25 seconds (NOTOF).

b, After having a top a candidate has to decay to half of its strength

within a certain (time)interval (less than § points). When no decay
within this interval {s found 1t is tried again with a new gliter
strength equal to half of the 0ld one. This i3 repeated until the new
strength is less than 7 times the noise, in accordance with condition 1
or, of course a decay is found. This last feature gives a handle on e.8.
glitches at the beginning of a flash. See figure A.3,
Here also the decaytime from the top is calculated. The exact time of
half signal strength is linearly interpolated between the two encompass-~
ing points. The decay time equals half signal time minus top time (ir
seconds), For very short glitches with a decay within one point, the de-
caytime is determined by fitting an exponential to the first point after
the top (NODECAYTIME).

1f a candidate glitch fulfills all 4 conditions it is supposed to be a
genuine one and it can be subtracted. From the begin to the top the signal is
set to the background. From the top to 6 times the decaytime an exponential is
subtracted with strength and decaytime as determined (FILTER).

After a search for a glitch, succesful or not, the window is shiftec one
point (ROLLOVER), the background i{s determined anew (NIVEAU) and the condi-
tions for a glitch are applied to the next - zeropoint, After 8 of those shifts
the backend of the window {s full of new points. Of both the original and the
deglitched signal half-second means are taken which are returned to the main
program with the corresponding satcal and a quality measure. The quality
measure is defined as the number of points which were left unchanged by the
deglitcher; 80 it runs from 0 to 4. (TAKEMEAN)

When a gap i{n the data stream ocours the window is emptied first via
FILTER, ROLLOVER and TAKEMEAN, after which the window can be filled again with
FILWINDOW. The end of the data stream is treated as a gap with the exception
that the window is not filled again., The steering between normal and *gap’
performance {s done by DGLSTEER.



A.2. Discussion of some Sample maps

A.2.3. NGC 6543

This is one of the many observations of the planetary nebula, NGC 6543,
our photometric reference source. It i{s a source of reasonable strength and it
i3 indistinguishadble from a point source for the CpC instrument,

The noise {s below 5 % and 15 § for the 50 and 100 y channel respective-
ly. The background 1ies at 20 MJy/sr for both channels.

Some of the responsivity variation phenomena appear., From the star: of
the observation (indicated with an arrow, pointing in the i{n-scan direction)
to the end the background increases by about 30 $. The variation 1s taken out
by the gain correction program. The difference between the increasing and the
flat background is evident by comparing the 'raw' and the 'clean' map.

Another responsivity variation effect is the distortion in the in-scar
direction of the lower contour lines, best seen in the 50 u 'elean' mzp. In
general features parallel to the in-scan direction should be treated with cau-
tion: they could be spurious, In this example map the effect {s not very
strong; f{t disappears at the 10 § level and at 100 uw it is not seen at all.
For sources fainter than NGC 6543 the effect will be of small or no impor-
tance,

A.2.4, NGC 3610

The target of the observation was a galaxy, NGC 3610, but obviously it is
not detected.

All *structure' {n the map has a size smaller than or equal to the beam-
size. This 'structure' must be nolse. The dynamic range is a factor & to & and
the mean flux level is about 13 MJy/sr for both channels. This is approximate-
ly the lowest CPC background found, The noise in the map s accordingly (- 4
MJy/sr per pixel). This noise is dominated by a large number of small to very
small glitches which could not be detected by the deglitch program. The larger
@litches, present in abundance in the 'raw' map, have been cut oul quite sa-
tisfactory,

Around the edges of the map the noise {s somewhat larger than in the in-
terior. This is due to the fact that at the edges sometimes only one point
contributes to the pixel, while in the interior a pixel {s always the mean of
Several points measured.



A.2.5, Ceres
Ceres i3 an asteroid, and a trye point source. It {s somewhat more in-
tense than NGC 6543 and al} effects described above can also be seen,

Clitches are large and abundant as the observation was done near the
South Atlantic Ancaaly, The deglitcher is abie to take these out,

The gain is increasing with a factor 1.5 and 2.5 for 50 y and 100 u

respectively, Correcting for it was no problem due to the fact that Ceres is a
sipple point source on a (presumably) flat background of 50 and 20 MJy/sr,

A.2.6. MRSL 269-01/2

This {s a molecular eloud region, The true shape of the cloud is severely
distorted by the responsivity variation effect (section 5.1). At the hig-

flux levels of this source glitches are of no importance anymore; they drowr
in the source flux.

The source is clearly extended, but the true size and shape is diffjcu:t
to establish from this CPC map. The routine correcting for the long-term in-
Crease of the background falls, because the definition of background is moot,
The program calculates gain increasas of 3 and 5 on 'mean background levels'
of 300 and 1100 MJy/sr for 50 and 100 um respectively.

We decided to exclude maps from the CPC atlas where the galn correction
did not meet certain stringent conditions. This particular image is an exavple
of an excluded one.
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A.3. Tape Format

The CPC observations are distributed in on magnetic tape in FITS format,
with a corresponding tape density of 1600 bpl and blocksize of 2882 bytee,
The FITS format {s described in Wells (1980). There are two consecutive FITS
files on the tape for each observation, one giving the "clean" and the other
the "raw"” {mages (see section 3 and 6.6). In each file two maps (at 50 and
100 ym) are stored in a three dimensional array, where the first axis denotes

the right ascension and the second the declination. The third dimension gives
the wavelength.

There are 1508 CPC observations distributed on 3 output tapes, For jden-
tification purposes, the actual tape in FITS format {s preceded by a tape la-
bel group, 2 B0-byte tape blocks of ASCII characters and a tape mark, written
in the format of an ANSI label group. Note that this {s at variance with both
the FITS standard, which does not specify labelling, and with the ANSI stan-
dard, which uses tapemarks only to separate data and label groups, an:
prescribes trajiler label groups as well.

Table A.1. Distributed tapes

Tapelabel number of observations RA range

(hours)
CPCFTT ‘ﬂBE =7
CPCFT2 62 08 - 15
CPCFT3 395 16 - 23

A list of all observations, sorted on RA/DEC is appended after the FITS
images on the tape CPCFT3,

A.3.7. Header of 1ist of observations

The 1list of the distributed observations, added after the FITS images on
the last tape CPCFT3, is written in the FITS table extension format (Harten et
al., 1984) The format used is the same as that of column 1=5 of annex k.
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A4, List of observations

The columns indicate ;

Conventional astronomical object name (if known).

Julian epoch of observation - 1983.0.

Map centre Right Ascension 1650.0.

The 1ist is sorted on Right Ascension.

Map centre Declination 1950.0,.

Observation type used.

The abbreviations used for the observation types differ alightly from the
macro names used in Table 2.1, e.g. CPCFSA = 9Q¥#9FF, CPCO9A = 9*9F,
Declination error warning.

A "i" in the sixth column indicates that the decoding of the declination
sent up to the satellite might de {n error.

Deleted observation flag.

"BADGAIN" in column 7 means that the measurement could not satisfactorily
be corrected for the sensitivity variation phenomenon discussed in sec-
tion 5.1. Such observations have been deleted fram the processing chain,
and can consequently not been found on the CPC tapes. In scme cases it
might be possible with the help of Groningen experts to interpret the

data of such measurements. Interested astronomers should contact P.R.
Wesselius.
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A.3.8. Header of FITS image

To prevent & proliferation of keywords we give qualitative i{nformatior in
comments. As an example, and to show the keywords we have used, an arbitrary
FITS header 1s shown below,

/ SIMPLE FITS FORMAT ( HEADER VERSION D1 850214)
/ PIXEL VALUES: 2=-BYTE TWOS-COMPLEMENT INTEGEERS
/ NUMBER OF AXES IN THE DATA ARRAY

/ NUMBER OF PIXELS/ROW (RA) (COLUMNS)

/ NUMBER OF ROWS (DEC)

/ NUMBER OF WAVELENCTHS (LAMBDA)

/

/ COORDINATE TRANSFORMATIONS:

/ X OF PIXEL = ( COLUMN - CRPIXT' )®*CDELT?

/ Y OF PIXEL = ( ROW - CRPIX2 )*CDELT2

/ TRANSFORMATIONS BETWEEN (X,Y) AND (RA,DEZ):

/ APPROXIMATE (FAR FROM THE CELESTIAL POLZS):

/ X = {CRVAL! - RA)®COS(CRVALZ)

/ Y =« DEC - CRVAL2

/ EXACT:

/ X = SIN(CRVAL1 - RA)*COS(DEC)

/ Y = { SIN(DEC)¥COS(CRVAL2) ) -

/ { COS{DEC)*SIN(CRVAL2)*COS(RA-CRVAL1) )
/ DATA SCALE FACTOR (REAL=TAPE®BSCALE+BZERD)

/ DATA OFFSET VALUE

/ BRIGHTNESS UNITS

/ TAPE PIXEL VALUE ASSIGNED TQ UNDEFINED VALUE

/ DATE OF OBSERVATION (JE 1983.4810u4)
/ TIME OF OBSERVATION

/ INSTRUMENT USED IN OBSERVATION

/ NAME OF INSTITUTE THAT PRODUCED THIS FILE
/ NAME OF THE OBSERVED OBJECT

START OF SCAN AT (COL,ROW)=(22,47) TO (COL,RON)=(32,39) IN 10 SECONDS.
IMTOFTDY 850309 < REGRIDD2 850127 < GAINCRD3 850127 < CPCATTD3 853127

PUBLICATIONS BEFORE DEC 1985 ARE RESTRICTED TO IRAS PROJECT SCIENTISTS

/ CREATION DATE OF THIS FITS TAPE FILE

SIMPLE = T
BITPIX = 16
MXIS = 3
NAX1S1 = 47
NAX]1SZ = 51
NAXIS3 = 2
CTYPE! = 'RA '
CRVALY = 1.33967E+02
CRPIX1 = 2. 40000E+01
CDELT! = =5.55556E-03
CTYPE2 = 'DEC '
CRVAL? = =4, 24833E+01
CRPIX2 = 2.90000E+01
CDELT2 = 5.55556E-03
CTYPE3 e« 'LAMBDA
CRPIX3 = 1.00000E+00
CRVAL3 = 5.00000E~05
CDELT3 = 5.00000E-05
BSCALE = 2.58334E-02
BZERO = 9.262B2E+02
BUNIT « 'MJY / SR'
BLANK = =-32767
DATE-OBS= '2L/06/83"
TIME-OBS= '22:48:U9'
INSTRUME= 'IRAS-CPC'
ORIGIN e« 'ROG~GRON'
OBJECT = 'VHE 27B '
COMMENT IRAS CPC CLEAN IMAGE
COMMENT NOSSEBEFORE NOSSEAFTER
COMMENT
HISTORY
HISTORY < DEGLTCD! 841003
COMMENT THIS TAPE CONTAINS CONFIDENTIAL DATA
COMMENT
DATE = 109/03/85"'
END

Remarks:

- When the worda

'‘noSSEbefore’ or 'noSSEafter' appear in a COMMENT line,

the sighting of a star before or after the rasterscan falled. The atti-

~ tude reconstruction is not fully reliable,
- The direction and the speed of the scan are indicated in a COMMENT by

giving the position of the first sample and the 20th sample.

One should

not try to reconstruct the details of the raster acan from this informa-

tion.
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LENGTHS: MIN=14400
Channel

LENGTHS: MIN=00160

MAX=11520
VERSION DI
MAX=14400
VERSION D1
MAX=14400
VERSION D1
MAX=16400
VERSION D1
MAX=14400
VERSION D1
MAX=14400
VERSION Dl
MAX=14400
VERSION D1
MAX=14400
VERSION D1
MAX=16400
VERSICN D1
MAX=214400
VERSION DL
MAX=14400
VERSION D1
MAX=14400
VERSION D1
MAX=16400

MAX=00160

AVG=11520 NUMBER
850214) BITPIX =
AVG=14400 NUMBER
850214) BITPIX =
AVG=14400 NUMBER
850214) BITPIX =
AVG=14400 HUMBER
850214) BITPIX =
AVG=14400 NUMBER
§50214) BITPIX =
AVG=14400 NUMBER
&850214) BITPIX =
AVG=1440D NUMBER
850214) BITPIX =
AVG=14400 NUMBER
&§50214) BITPEX =
AVG=14400 HUMBER
350214) BITPIX =
AVG=14400 NUMBER
850214} BITPIX =
AVG=164400 NUMBER
850214) BITPIX =
AVG=14400 NUMBER
850214) BITPIX =
AVG=14400 NUMBER
00010000

AVG=00160 NUMBER

INPUT VOL=JJ0092

OF

OF

OF

'

OF

OF

OF

OF

0F

oF

CF

OF

OF

CPCFT2 + 624

oF

(LAST MOD-260CT88)

PAGE 70

16 7 PIXEL VALUES: 2-BYT

BLOCKS=000001
16
BLDCKS=000001
16
BLOCKS=000001
16
BLOCK5=000001
16
BLOCKS=000001
16
BLOCK5=000001
16
BLBCKS=000001
14
BLOCKS=000031
16
BLOCKS=000001
16
BLOCKS=000001
14
BLOCKS=000001
16
BLOCKS=000001
16
BLOCKS=000001
observations

BLOCKS=000001

I

PIXEL

PIXEL

PIXEL

PIXEL

PIXEL

PIXEL

PIXEL

PIXEL

PIXEL

PIXEL

PIXEL

PIXEL

VALVES:

VALUES:

VALUES:

VALUES:

VALUES:

YALUES:

VALUES:

VALUES:

VALUES:

VALUES:

VALUES:

VALUES:

RA 1+ 08 %0 15 h

2-BYT

2=BYT

2-8YT

2-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2=BYT

2-BYT




TAPESCAN 4.4 ~ TAPE ANALYSIS AND COPYING PROGRAM

SIMPLE = T 7 SIMPLE
TAPEMARK NO 2227 BLOCK
SIMPLE = T 7 SIMPLE
TAPEMARK NO 2228 BLOCK
C2148-T3 IRAS-DAX Chopped Photometrie
TAPEMARK NO 2229 BLOCK
SIMPLE = T 7 SIMPLE
TAPEMARK NO 2230 BLOCK
SIMPLE = T 7 SIMPLE
TAPEMARK NO 2231 BLOCK
SIMPLE = T 7 SIMPLE
TAPEMARK NO 2232 BLOCK
SIMPLE = T 7 SIMPLE
TAPEMARK NO 2233 BLOCK
SIMPLE = T 7/ SIMPLE
T“APEMARK NO 2234 BLOCK
|SIMPLE = T 7 SIMPLE
TAPEMARK NO 2235 BLOCK
STMPLE = T 7 SIMPLE
TAPEMARK NO 2236 BLOCK
SIMPLE = T 7 SIMPLE
TAPEMARK NO 2237 BLOCK
SIMPLE = T 7 SIMPLE
~TAPEMARK NO 2238 BLOCK
SIMPLE = T 7 SIMPLE
TAPEMARK NO 2239 BLOCK
SIMPLE = T # SIMPLE
—TAPEMARK NG 2240 BLOCK

09-09/91

7:50:40,9

FITS FORMAT  HEADER VERSION D1 850214) BITPIX =

LENGTHS: MIN=16600
FITS FORMAT ( HEADER
LENGTHS: MIN=14400
Channel

LENGTHS: MIN=00160
FITS FORMAT ( HEADER
LENGTHS: MIN=11520
FITS FORMAT ( HEADER
LENGTHS: MIN=11520
FITS FORMAT { MEADER
LENGTHS: MIN=11520
FITS FORMAT { HEADER
LENGTHS: MIN=I]1520
FITS FORMAT ¢ KEADER
LENGTHS: MIN=1440¢
FITS FORMAT { HEADER
LENGTHS: MIN=14400
FITS FORMAT ( HEADER
LENGTHS: MIN=11520
FITS FORMAT ( HEADER
LENGTHS: MIN=11529
FITS FORMAT ¢ HEADER
LENGTHS: MIN=11520
FITS FORMAT ( HEADER
LENGTHS: MIN=11529¢
FITS FORMAT ( HEADER
LENGTHS: MIN=11529

MAX=14400
VERSION D1
MAX=16400

MAX=00140
VERSION D1
MAX=1152D
VERSION D1
MAX=11520
VERSIOGN D1
MAX=11520
VERSION D1
MAX=11520
VERSICN D1
MAX=14400
VERSICN D1
MAX=14400
VERSION D1
MAX=11520
VERSION D1
MAX=11520
VERSION D1
MAX=11520
VERSION DI
MAX=11520
VERSION DI
MAX=11520

AVG=14400
850214) BITPIX =
AVG=164600 NUMBER

INPUT vOL=Jugo02

oF

00010000 CPCFT3 : 395

AVG=00160 NUMBER
8502143 BITPIX =
AVG=11520 NUMBER
8502143 BITPIX =
AVG=11520 NUMBER
850214) BITPIX =
AVG=11520 NUMBER
850214) BITPIX =
AVG=11520 NUMBER
8506214) BITPIX =
AVG=14400 NUMBER
850214) BITPIX =
AVG=1l4400 NUMBER
850214} BITPIX =
AVG=11520 NUMBER
850214} BITPIX =
AVG=11520 NUMBER
850214) BITPIX =
AVG=11520 NUMBER
850214) BITPIX =
AVG=11520 NUMBER
850214} BITPIX =
AVG=11520 NUMBER

oF

oF

OF

OF

OF

OF

oF

oF

OF

oF

oF

oF

(LAST MoD-240CT38)

HUMBER OF BLOCKS=000001

BLOCKS=000001

observations RA : 16 to 23 h

BLOCKS=000001

BLOCKS=000001

BLOCKS=000001

BLOCKS=000001

BLOCKS=000001

BLOCKS=000001

BLOCKS=000081

BLOCKS=000001

BLOCKS=000001

BLOCKS=000001

BLOCKS=000001

BLOCKS=000001

16 7 PIXEL VALUES:

16 7 PIXEL VALUES:

16 # PIXEL VALVES:

16 7 PIXEL VALUES.:

16 7 PIXEL VALUES:

16 7/ PIXEL VALUES:

16 7 PIXEL VALUES:

16 7 PIXEL VALUES:

16 » PIXEL VALUES:

16 7 PIXEL VALUES:

16 7 PIXEL VALVES:

16 / PIXEL VALUES:

16 7 PIXEL VALUES:

PAGE 1460

2=-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2-BYT

2=BYT

2-BYT

2=BYT



LECTURE

: 1 2 3 4 5 6 7
12345678901234567890123456789801234567890123456789012345678901234567890123456780

V4.0 c.

Lrecl=

D.S.

18.04.89

h-05 269§
¢ -02509 ;

16:53:15 ol

BO. Blksize= 2GR0
Lecture partielle:
Conversion ASCII -> EBCDIC. (code ASCII détecte automat iquement) .

30 enreg. puis 1 ,tous les 1000.

2 fil (4” {Gp.)

18.04.8

9
01234567880123456

e e e e e e o e T T T e e e e e e e e e e e e e e e e o o e o £ R e o e o = — - e @ o

SIMPLE
BITPIX
NAXIS

NAXISH
NAXIS2
NAXIS3
CTYPE1
CRvaL1
CRPIX1
CDELT1
CTYPE2
CRvAL2
CRPIX2
CDELT2
CTYPE3
CRPIX3
CRvAL3
CDELT3
BSCALE
BZERD
BUNIT
BLANK
DATE-0OBS=
TINME-OBS=
INSTRUME =
ORIGIN =
OBJECT =
COMMENT

COMMENT

COMMENT

W w 0mu a9 anan

N d e mEnnn

el
>

SN W -

"DEC

=HOI = MW

'LAMBDA

‘MJY / SR’

‘01/06/83
'06:29:02'
*IRAS-CPC”
"ROG-GRON"
'NGC 0055

44
53
2

- T0000E+00
. 30000E+01
.55556E-03

.94667E+01
.90000E+01
-55556E-03

-Q0000E+00
-OO00Q0E-05
-Q0000E -05
.59164E-03
.G6T42E+02

~32767

r

IRAS CPC CLEAN IMAGE

o o o o o o o T e o o T T T N T T T T S T e e e e e

SIMPLE FITS FORMAT ( HEADER VERSION D1 850214)
PIXEL VALUES: 2-BYTE TWOS~-COMPLEMENT INTEGERS
NUMBER OF AXES IN THE DATA ARRAY

NUMBER OF PIXELS/ROW (RA) (COLUMNS)

NUMBER OF ROWS (DEC)

NUMBER OF WAVELENGTHS (LAMBDA)

COORDINATE TRANSFORMATIONS:
X OF PIXEL = ( COLUMN - CRPIX1 )*CDELT?
Y OF PIXEL = ( ROW - CRPIXZ }*CDELT2
TRANSFORMATIONS BETWEEN (X,Y) AND (RA,DEC):
APPROXIMATE (FAR FROM THE CELESTIAL PCOLES}):

X = (CRVAL1 - RA)*COS(CRVALZ)

Y = DEC - CRVAL2Z
EXACT:

X SIN(CRVALt - RA}*COS(DEC)

Y ( SIN(DEC)*COS(CRvALZ) ) -

( COS{DEC)*SIN(CRVAL2)*COS{RA-CRVAL1) )

DATA SCALE FACTOR (REAL=TAPE*BSCALE+BZERD)
DATA OFFSET VALUE
BRIGHTNESS UNITS
TAPE PIXEL VALUE ASSIGNED TOQ UNDEFINED VALUE
DATE OF OBSERVATION (JE 1983.416210)
TIME OF OBSERVATION
INSTRUMENT USED IN OBSERVATION
NAME OF INSTITUTE THAT PRODUCED THIS FILE
NAME OF THE OBSERVED OBJECT

non

START OF SCAN AT (COL,ROW)=( 5,26) TO (COL,ROW)={20.49) IN 10 SECONDS.

Dernier enregistrement du fichier:

Nombre d’enregistrements =

180




B

—

LECTURE

V4.0 c.

Lrecl=

D.S.

18.04.89 16:53:28

973" (il

30 enreg. puis 1

80. Blksize= 2888,
Lecture partielle:
Conversion ASCII -> EBCDIC.

,tous les 1000.

st 'cap.e)

(code ASCII detecte automat iguement).

18.04,89

6
12345578901234567890123456789012345678901234567890123456789012?4567890123456789012345678901234567!

SIMPLE
BITPIX
NAXIS

NAXIS1
NAXIS2
NAXIS3
CTYPE1
CRVAL?
CRPIX1
CDELT1
CTYPE2
CRvAL2
CRPIX2
CDELT2
CTYPES3
CRPIX3
CRVAL3
CDELT3
BSCALE
BZERQ
BUNIT

BLANK

DATE-0OBS=
TIME-OBS=
INSTRUME=
ORIGIN =
OBJECT =
COMMENT

COMMENT

COMMENT

ELI I U L {1 I I 1

aouou

o aonw s

o
>

‘DEC

"LAMBDA

W=UU= ~AWwbh ~ A= -

"MJY / SR’

‘01/06/83"
'02:45:04"
*IRAS-CPC’
‘ROG-GRON’
‘'VHE O1

48
55
2

L19767E+02
. B0000E +01
.5555BE-03

.53167E+01
. 30000E+01
.55556E-03

. 00000E+00
. O0000E -05
-0000QE-05
.O0533E-02
.40338E+02

-32767

.

e e o o o T e T o o o o o T o T T ™ e e T e e e e

IRAS CPC RAW IMAGE :NO DEGLITCHING,

SIMPLE FITS FORMAT ( HEADER VERSION D1 B50214)
PIXEL VALUES: 2-BYTE TWOS-COMPLEMENT INTEGERS
NUMBER OF AXES IN THE DATA ARRAY

NUMBER OF PIXELS/ROW {RA) (COLUMNS)

NUMBER OF ROWS (DEC)

NUMBER OF WAVELENGTHS (LAMBDA}

COORDINATE TRANSFORMATIONS :

X OF PIXEL = ( COLUMN - CRPIX! J*CDELTHY

Y OF PIXEL = { ROW - CRPIXZ2 )*CDELT2
TRANSFORMATIONS BETWEEN (X.Y) AND (RA.DEC):
APPROXIMATE (FAR FROM THE CELESTIAL ['OLES):

X = (CRVAL?1 - RA)*COS(CRvAL2)

Y = DEC - CRVvALZ2

EXACT

= SIN(CRVAL'Y - RA)*COS(DEC)
Y = ( SIN(DEC)*COS{CRVAL2) ) -
( COS(DEC)*SIN(CRVAL2)*COS(RA-CRVAL1) )

DATA SCALE FACTOR (REAL=TAPE*BSCALE+BZERO)
DATA OFFSET VALUE
BRIGHTNESS UNITS
TAPE PIXEL VALUE ASSIGNED TO UNDEFINED VALUE
DATE OF OBSERVATION (JE 1983.415784)
TIME OF OBSERVATION
INSTRUMENT USED IN OBSERVATION
NAME OF INSTITUTE THAT PRODUCED THIS FILE
NAME OF THE OBSERVED OBJECT
NO GAINCORRECTION APPLIED.

START OF SCAN AT (COL,ROW)=(25,49) TO (COL,ROW)=(44,29) IN 10 SECONDS.

Dernter enregistrement du fichier:

Nombre d‘enregistrements =

180

[T



—

LECTURE

V4.0

Lrecl=

2

C.

D.S.

3
1234567B9012345678901234%67800

SIMPLE
BITPIX
NAXIS

HAXIS
NAXIS2
NAXIS3
CTYPE1
CRVAL1
CRPIX1
CDELT1
CTYPE2
CRVAL2
CRPIX2
CDELT2
CTYPE3
CRPIX3
CRVAL3
CDELT3
BSCALE
BZERO

BUNIT

BLANK

ORIGIN
OBJECT
COMMENT
COMMENT
COMMENT

Dernier

L O T ({1 T I 1 O | | O 1S | I |

HomwHn

‘'RA

R — -

*DEC

NN MWW

‘LAMBDA

‘MJY / SR’

*20/05/83"
‘10:36:36"
*IRAS-CPC’
‘ROG-GRON

L21067E+02
. 30000E +O1
.55556E-03

.37500E +01
. 30000E +01
.55556E-03

. O0C0O0E +00
.O00O0DE~Q%
-0O0000E-05
.05758E-03
.92493E+01

=32767

’

IRAS CPC CLEAN IMAGE
NOSSEAFTER
START OF SCAN AT (COL.RCOW)=(28,48) TOQ (COL.ROW)=(41.24) IN 10 SECONDS.

18.04.89

1

K

T T T S S S, T g e S S T T T e ey e e e e e T T ey e ey

16:56:41
18.04.89

381" 1l (1" )

30 enreg. puis 1 Jtous les 1000,
(code ASCII deétecte automatiquement).

80. Blksize= 48803.
Lecture partielie:
Conversion ASCII -> EBCDIC.

4 5 6 7 8 9
34506789012345%0782012345678090123456789011 2345678901234567880123145678

SIMPLE FITS FORMAT ( HEADER VERSION D1 850214}
PIXEL VALUES: 2-BYTE TWOS-COMPLEMENT INTEGERS
HUMBER OF AXES IN THE DATA ARRAY

HUMBER OF PIXELS/ROW  (RA) (CODEUMNS)

HUMBER OF ROWS (DEC)

NUMBER (GF WAVELENGTHS (LAMBDA)

COORDINATE TRANSFORMATIONS:

X OF PIXEL = ( COLUMN - CRPIX1 )*CDELT!

Y OF PIXEL = ( ROW - CRPIX2 }*CDELT2
TRANSFORMATIONS BETWEEN (X.Y) AND (RA,DEC):
APPROXTWMATE (FAR FROM THE CELESTIAL POLES):

X = (CRVAL1 - RA)*COS(CRVAL2)
Y = DEC - CRVALZ

EXACT:
X = SIN(CRVAL1 - RA)*COS(DEC)
Y = ( SIN{(DEC)*COS{CRvALZ) ) -

( COS{DEC)*SIN({CRVAL2)*COS{RA-CRVAL1} )}
DATA SCALE FACTOR (REAL=TAPE*BSCALE+BZERO)
DATA OFFSET VALUE
BRIGHTNESS UNITS
TAPE PIXEL VALUE ASSIGNED TO UNDEFINED VALUE
DATE OF OBSERVATION (JE 1983.383827)
TIME OF OBSERVATION
INSTRUMENT USED 1IN OBSERVATIOH
RAME OF INSTITUTE THAT PRODUCED THIS FILE
HAME OF THE OBSERVED OBJECT

enregistrement du fichier:

tiomre d'enregistrements =

1

8O




LECTURE

V4.0 c.

Lrecl=

D.5.

18.04.89

16:56:50 ,7,)7&“‘

it (1 e

30 enregy. puis 1 ,tous les 1000.
(code ASCII détecte automatiguement).

18.04.8¢

80. Blksize= 2880.
Lecture partielle:
Conversion ASCII -» EBCDIC.

4 5 G 7

1 2 3 8 9
1234567890123456789012345678901234567850123456789012345678901234567890123456785012345678901234567

SIMPLE
BITPIX
NAXIS
NAXIS1
NAXIS2
NAXI1S3
CTYPE
CRVAL1
CRPIX1
CDELT1
CTYPEZ2
CRvAL2
CRPIX2
CDELT2
CTYPE3
CRPIX3
CRvALZ
CDELTS3
BSCALE
BZERQO
BUNIT

BL ANK
DATE-0DBS
TIME-0OBS=
INSTRUME =
ORIGIN =
OBJUECT =
COMMENT
COMMENT
COMMENT

L | | O I O - O (O O [ T T O 1 O | IO T

Dernier

‘RA

3

SR~

'DEC

‘LAMBDA

M= -

‘MJY / SR’

‘01/07/83"
‘Q0:10:12¢
"IRAS-CPC"
"ROG-GRON
*NGC 6015

48
52
2

.37667E+02
. 40000E+01
-55556E-03

-24500E+01
-OO000QE +01
.55556E-03

-0000QE +00
-O0000E-05
-O00QOE~05
.61788E-03
LAB202E+01

~32767

Hombre d'enregistrements =

T o T o e o o o T i T T T T e e e T e e e e e e

SIMPLE FITS FORMAT ( HEADER VERSION D1 850214}
PIXEL VALUES: 2-BYTE TWOS-COMPLEMENT INTEGERS

HUMBER OF AXES IN THE DATA ARRAY
HUMBER OF PIXELS/ROW (RA) {COLUMNS)
HUMBER OF ROWS {DEC)

NUMBER OF WAVELENGTHS (LAMBDA)

COORDINATE TRANSFORMATIONS:

X QF PIXEL = ( COLUMWN - CRPIX1 )*CDELT1

Y OF PIXEL = ( ROW - CRPIX2 )*CDELT2
TRANSFORMATIONS BETWEEN (X.Y) AND (RA,DEC):
APPRUXIMATF (FAR FROM THE CELESTIAL FOLES):

X = (CRVAL1 - RA)}*COS{CRVAL2)
Y = DEC - CRVAL2

EXACT:
X = SIN{CRVAL1 - RA)*COS(DEC)
Y = ( SIN(DEC)*COS(CRvALZ) ) ~

( COS(DEC)*SIN(CRVAL2)*COS{RA-CRVAL1) )
DATA SCALE FACTOR (REAL=TAPE *BSCALE+BZERD)
DATA OFFSET VALUE
BRIGHTNESS UNITS
TAPE PIXEL VALUE ASSIGNED TOQ UNDEFINED VALUE
DATE OF OBSERVATION {JE 1983.497G625)
TIME OF OBSERVATION
INSTRUMENT USED IN OBSERVATION
NAME OF INSTITUTE THAT PRODUCED THIS FILE
NAME OF THE OBSERVED OBJECT

IRAS CPC RAW IMAGE :NO DEGLITCHING, NO GAINCORRECTION APPLIED.
START OF SCAN AT (COL,ROW)=(22,48) T0 (COL,ROW)={32.40} TII 10 SECOMNDS.

enregistrement du fichier:

180




LECTURE

V4.0 C.

Lrecl=

D.S.

18.04.8%  16:59:35 2”"(%& (2&4 {qpe)

80, Blksize= a8B8.
Lecture partielle:
Conversion ASCI] -> EBCDIC.

18.04.¢

ytous les 1000,
(code ASCII détecte automat iquement).

30 enreg. puis 1

5 6 7 8 9

1 2 3 4
123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456

SIMPLE
BITPIX
NAXIS

NAXIS1
NAXTIS2
NAXIS3
CTYPE1
CRVAL1
CRPIX1
CDELTY
CTYPE2
CRVAL2
CRPIX2
CDELT2
CTYPE3
CRPIX3
CRVAL3
CDELT3
BSCALE
BZERQ

BUNIT

LT 1 T | T I I T |

1

Www e uwna

TIME-OBS=
INSTRUME=
ORIGIN =
OBJECT =
COMMENT
COMMENT
COMNMENT

‘RA

SN -~

‘DEC

"LAMBDA

WS = -~

‘MJY / SR’

‘11/08/83"
‘14:00:49"
*IRAS-CPC’
*ROG-GRON

r

.40800E+02
- I0000E+01
.55556E-03

.B6333E+01
- COO00E +01
-55556E-03

. OO0O0E+00
. QO00QE~05
.OCO00E-05
-13531E-04
.46445E+01

-32767

’

IRAS CPC CLEAN IMAGE

T e o o e o o o T T T e e T T e e e N TR e T e e e e

SIMPLE FITS FORMAT { HEADER VERSION D! 850214)
PIXEL VALUES: 2-BYTE TWOS-COMPLEMENT INTEGERS
NUMBER OF AXES IN THE DATA ARRAY

NUMBER OF PIXELS/ROW (RA)} {COLUMNS)

NUMBER OF ROWS {DEC)

NUMBER OF WAVELENGTHS (LAMBDA)

CODRODINATE TRANSFORMATIONS :
X OF PIXEL = { COLUMN - CRPIX1 }*CDELTI
Y OF PIXEL = { ROW - CRPIX2 )iCDELT2
TRANSFORMATIONS BETWEEN {X.Y) AND {RA,DEC):
APPROXIMATE (FAR FROM THE CELESTIAL POLES):

X = (CRVALY - RA)*COS{CRVAL2)

¥ = DEC - CRVAL2
EXACT: -
X = SIN(CRVAL1 - RA)*COS(DEC)

Y = ( SIN(DEC)*COS{CRVAL2) ) -

( COS(DEC)*SIN(CRVAL2)*COS(RA-CRvAL1) )
DATA SCALE FACTOR (REAL=TAPE*BSCALE+BZERQ)
DATA OFFSET VALUE
BRIGHTNESS UNITS
TAFE PIXEL VALUE ASSIGNED TO UNDEFINED VALUE
DATE OF OBSERVATION (JE 1983.696330)
TIME OF OBSERVATION
INSTRUMENT USED IN OBSERVATION
NAME OF INSTITUTE THAT PRODUCED THIS FILE
NAME OF THE OBSERVED OBJECT

START OF SCAN AT (COL,ROW)=(36,37) TO (COL,ROW)={32,24) IN 10 SECONDS.

Dernier enregistrement du fichiter:

Nombre d’enregistrements =

144




LECTURE

V4.0

C.D.S. 18.03. 89 16:59:42

b y
£9i L& (21‘ JLalse)
Lrecl= BO. Blksize= 2880.

Lecture partielle: 30 enreg. puis 1 ,tous les 1000.
Conversion ASCII -> EBCDIC. (code ASCII détecte automatiquement).

2 3 4 5 6 7 8 9

12345 6789012345678@01214567890\?345678001?34HG78901?545678001)5456?BQH1?14567890|234567H901934564

SIMPLE
BITPIX
NAXIS
NAXIS1
NAXIS2
HAXIS3
CTYPE1
CRVALNY
CRPIX1
CDELT1
CTYPE2
CRvAL2
CRPIX2
CDELTZ
CTYPE3
CRPIX3
CRVALZ3
CDELT3
BSCALE
BZEROD
BUNIT
BLANK
DATE-OBS=
TIME-OBS=
INSTRUME =
ORIGIN
OBJECT
COMMENT
COMMENT
COMMENT

LI T T (IS (O T O [ (IO Y [ [ |

‘RA

i

SN W -

'DEC

‘LAMBDA

=W = -~

‘MJY / SR’

r29/07/83°
‘06:32:37"
"IRAS-CPC"
*ROG-GRON
‘LDN 1253

IRAS CPFC RAW IMAGE

45
51
2

.58500E+02
- 30000E+01
.55556E-03

.82500E+01
. BO00O0E+0ON
.555586E-03

-00Q0OOE +00
-00000E -05
.QOOC0E -05
.21897€E-03
. 22663E+02

-32767

T

:NO DEGLITCHING,
START OF SCAN AT (COL,ROW)=( 4,27) TO (COL.ROW)=(13,37) IN 10 SECONDS.

SIMPLE FITS FORMAT ( HEADER VERSION D1 850214)
PIXEL VALUES: 2-BYTE TWOS-COMPLEMENT INTEGERS
NUMBER OF AXES IN THE DATA ARRAY

HUMBER OF PIXELS/ROW (RA)} (COLUMNS)

HUMBER QF ROWS (DEC)

NUMBER OF WAVELENGTHS (LAMBDA)

COORDINATE TRANSFORMATIONS:

X OF PIXEL = { COLUMN - CRPIX1 )*CDELT1

Y OF PIXEL = ( ROW - CRPIX2 )*CDELT2
TRANSFORMATIONS BETWEEN (X.Y) AND (RA,DEC):
APPROXIMATE (FAR FROM THE CELESTIAL POLES):

X = (CRVAL1 - RA)*COS{CRVALZ)

Y = DEC - CRvAL2
EXACT:

X SIN(CRVAL1 - RA)*COS(DEC)

¥ {( SIN{(DEC)*COS(CRVAL2}) ) -

{ COS{DEC)*SIN(CRVALZ2)*COS(RA-CRVAL1) )

DATA SCALE FACTOR (REAL=TAPE*BSCALE+BZERD)
DATA OFFSET VALUE
BRIGHTNESS UNITS
TAPE PIXEL VALUE ASSIGNED TO UNDEFINED VALUE
DATE OF DBSERVATION (JE 1983.575012)
TINE OF OBSERVATION
INSTRUMENT USED IN OBSERVATION
NAME OF INSTITUTE THAT PRODUCED THIS FILE
NAME OF THE OBSERVED OBJECT
NO GAINCORRECTION APPLIED.

Dernier enregistrement du fichier:

Nombre d'enregistrements =

180




PR T | ’ AA'L{
’ . Ly e
LECTURE V4.0 .0.5. 18.04.89  17:00:52 ) l : (’ um)
132 e (274 & 18.04.89
Lreci= 80. Bilksize= 2880.
Lecture partielle: 30 enrag. puis 1 Ltous les 1000,

Conversion ASCII -» EBCRIC. (code ASCII détecte automat fcuement).

1 2 3 4 5 6 7 8 9
1234567890123456789012345678901234567880123456789012345678301234567890123456789012345678%0 | 2345678

XTENSION = "TABLE ' / CPC {IRAS) 1list of ohservations on tape
BITPIX = 8 /

NAXIS = 2/ 20 tabie b
NAXIS = 40 / max nunber of characters per row
tAXIS2 = 1508 / number of rows (olservatiouns)
TFIELDS = 8 / number of fields per row

EXTNAME = 'CPC-0BS - /

EXTVER = 2 / Second version of the list

TTYPE1 = '0BJ.NAME - / asironomical name of ohject

1B 1 : 1 /7 oy 13 o hine

TFORM1 = "A1Y4 ! /

TTYPE2 = ‘TIME 0OBS” / time of cuvbservaticn

TBCGOL2 = 4 / 1 unit is about 31.6 sec time
TFORM2 = '16 ! /

TUNIT2 = 'MICRO.YR’ / fraction of year since 1983.0
TTYPES3 = 'RAH ! / Right Ascension; hour part

TBCOL3 = 20 /

TFORM3 = '13 ! /

TUNIT3 = 'HR ' /

TTYPE4 = 'RAM ' / Right Aszcension; minutes and decimal Fraction
TECOL4 = 23 /

TFORM4 = 'F5.1 g /

TUNITA4 = 'MIN ! /

TTYPES = 'DECDSIGH’ / Declination sign

TBCOLS = 28 /

Dernier enregistrement du fichier:

Hombre d'enregistrements = 828
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